I
T HAS BEEN proposed that the face protects the brain from injury the way an airbag protects the chest in a motor vehicle crash. Actual data on this are scant and conflicting. Lee et al 1 reported that facial fractures are associated with a decreased risk of a traumaticbraininjury,whileDavidoffetal 2 found facial fracture to be highly associated with traumatic brain injury. This question has important clinical implications. Multiple origins and potentially significant confounding variables make accurate assessment of the association between traumatic head injury and facial fractures difficult.
In our study, we used a large database of individuals with injuries from bicycle crashes to examine the association between traumatic brain injury and facial fracture using a case-control design.
RESULTS
Seven hospital EDs treated 3849 injured bicyclists, 5 of whom died at the scene during the 2 1 ⁄2-year study. Two bicyclists were excluded because of incomplete data, leaving 3388 injured cyclists for analysis. Of these bicyclists, 1602 had head, face, or brain injury or recounted that they hit their helmet, head, or face. They constitute the study group. There were 203 bicyclists (14.4%) with traumatic brain injuries of whom 62 (3.9%) had intracranial injuries.
Cases (intracranial injuries, n = 62) and controls (all other face or head injured bicyclists, n = 1540) did not differ significantly by age or sex; however, more controls (45.8%) than cases (24.2%) were wearing a helmet ( Table 1) . Characteristics of the crash (Table 2) , including the bicyclists' self-reported speed and the type of surface (paved vs other) were not different between cases and controls; however, bicyclists whose speed was unknown were at a higher risk of intracranial injury (OR, 10.7; 95% CI, , most likely reflecting a recall bias for patients suffering intracranial injury. Col- lision with a motor vehicle occurred in 55% of cases, which significantly increased the odds of intracranial injury (OR, 6.6; 95% CI, .
A total of 81 patients had facial fractures distributed between cases (29%) and controls (4.1%), including the following: 31 mandibular fractures or dislocations (28.3%); 6 maxillary fractures (7.4%); 29 nasal fractures (35.8%); and 15 orbital fractures (18.5%). Characteristics of cyclists' injuries are given in Table 3 . Bicyclists with intracranial injuries were more likely to have concomitant neck injuries (OR, 3.1; 95% CI, 1.3-7.1). Injury Severity Scores ranged from 0 to 75; 24.2 % of the patients and 99.6% of controls had scores lower than 15. Patients with traumatic brain injuries had higher Injury Severity Scores, with 66.1% of the cases having scores of 16 to 40 compared with 0.4% of controls, and 9.7% of the cases having scores of 41 to 75 compared with no controls. The Glasgow Coma Scale scores were higher in the control group, with 98.9% of controls receiving scores from 12 to 15 compared with 56.5% of the cases.
MATERIALS AND METHODS

DATA COLLECTION
Our current study data were collected as part of a casecontrol study examining head injuries caused by bicycle crashes. Methods of data collection are described in detail in a larger study that examined the effectiveness of bicycle safety helmets in preventing head injuries.
3 Our casecontrol study was conducted at 7 major hospitals in the Seattle, Wash, area: Central and Eastside Hospitals of Group Health Cooperative of Puget Sound, a large health maintenance organization; University of Washington Medical Center; Harborview Medical Center, a regional level I trauma center; Overlake Hospital, a community hospital that cares for a large portion of trauma patients; and Children's Hospital and Medical Center of Seattle and the Mary Bridge Hospital and Medical Center of Tacoma, 2 children's hospitals. The medical examiner's offices of Pierce and King counties (Washington) were visited regularly to identify deaths at the scene that might have eluded the surveillance system.
SUBJECT IDENTIFICATION
Subjects were identified prospectively by regular surveillance (1 to 2 times a week) of the emergency department (ED) logs and records in each of the 7 study hospitals from March 1, 1992 , to August 31, 1994 . Automated hospital admission records were screened monthly by International Classification of Diseases, Ninth Revision, Clinical Modification coding (ICD-9-CM E codes 800-802, 805-807, 810-816, 818-823, 825-829) to identify admissions that were not recorded in ED records. Any individual injured on a bicycle was eligible for the study, including child passengers (Ͻ6 years) riding in a child carrier, (n = 4), but excluding older bicycle passengers, pedestrians injured by a bicycle, and individuals assaulted while riding a bicycle.
MEDICAL RECORD ABSTRACTION
Trained abstractors reviewed the complete medical record of each patient, recording the following: mental status (nausea, headaches, amnesia, and length of unconsciousness), description of the incident, Glasgow Coma Scale scores, radiological procedures, helmet use, and a detailed description of all injuries. All radiology reports, surgical procedures, and discharge summaries were reviewed. Medical examiners' reports were abstracted for all deaths. A computer software program (TRICODE, TRIANALYTICS, Bel Air, Md) was used to convert text descriptions into ICD-9-CM codes and to calculate Abbreviated Injury Scale score and Injury Severity Score.
DEFINITIONS
Patients who sought care for a bicycle-related traumatic brain injury in the ED of a study hospital during the period from March 1, 1992 , to August 31, 1994 , were enrolled in this study. They were classified by injury into 2 groups: those with intracranial injuries and those with concussions. Intracranial injury included the following: cerebral lacerations, cerebral contusions, and subarachnoid, subdural, and extradural hemorrhages. Patients with loss of consciousness without signs of intracranial hemorrhage were defined as having a concussion. Loss of consciousness was defined by either a transient state of witnessed unresponsiveness or a patient report of temporary loss of awareness. A large group of individuals with traumatic brain injury were defined as having intracranial hemorrhage/contusions and a concussion. Control subjects were defined as bicyclists treated in the same EDs who reported hitting their helmet, head, or face or sustaining an injury to their head or face, without any traumatic brain injury. This control group was chosen to include only those bicyclists at risk of traumatic brain injury and/or facial fracture. Facial injury was defined as any injury to the jaw, lips, cheeks, nose, ears (external), eyes (external), forehead, or mouth (intraoral). Facial fracture was defined as injury to the maxilla, orbits, zygoma, or mandible.
QUESTIONNAIRES
Detailed questionnaires were sent to all injured bicyclists treated in this period regarding the circumstances of the crash, including helmet use, speed, and motor vehicle involvement. Telephone follow-up occurred within 2 weeks of the ED visit. Response rate to the questionnaires was 88%; complete data were available for analysis on 3388 injured bicyclists.
STATISTICAL ANALYSIS
The SAS statistical package was used for all analyses (SAS Institute Inc, Cary, NC). Descriptive information and crude odds ratios (ORs) were generated for all traumatic brain injuries. Unconditional logistic regression modeling was performed for traumatic brain injuries to estimate the OR and 95% confidence intervals (CIs) of traumatic brain injury while controlling for multiple confounders. 4 To determine whether facial fracture was associated with severity of brain injury, analyses of all cases of traumatic brain injury, as well as the subcategories of intracranial injury and concussions were done.
The OR for the effect of facial fracture on the risk of intracranial injury was adjusted for significant confounders including helmet use, motor vehicle involvement, and speed. Further adjustment for other variables including sex, age, and surface type had almost no effect on the OR. The adjusted OR for the risk of intracranial injury (n = 62) associated with facial fracture was 9.9 (95% CI, 5.1-19.3). The effect was weakened, but still present, when all traumatic brain injuries (n = 203), including concussions, were considered (OR, 2; 95% CI, 1.1-3.7); when only concussions (n = 141) were considered, no association was found (OR, 0.6; 95% CI, 0.2-1.6).
COMMENT
This study demonstrates no evidence that facial fractures help prevent traumatic brain injury. In fact, the risk of intracranial injury in those bicyclists with facial injury was increased almost 10-fold, and the risk for all brain injuries including concussion was doubled. This does not imply that facial fractures cause traumatic brain injury, but suggests that blunt impact with enough force to break facial bones could also produce brain injury. Patients with intracranial injuries were more likely to have been involved in a crash involving a motor vehicle, to have had a higher Injury Severity Scale score, and to have coexisting neck injuries than bicyclists who had an injury to the head or face that suggested a more severe crash. Importantly, no protective effect of facial fracture was found, even in bicyclists with less severe brain injury such as concussion. In the group who had concussions, no association with facial fracture was observed.
These results disagree with the previously reported decreased risk of traumatic brain injury in patients with facial fracture. Lee et al 1 theorized that the facial bones act as a protective cushion for the brain to explain why injuries that crush the facial bones frequently caused no apparent brain damage. Our results are more in agreement with Davidoff et al 2 who reported a 55% incidence of concomitant facial fracture and brain injury (defined as loss of consciousness or posttraumatic amnesia) and a 6% incidence of intracranial injury in a retrospective case series of 156 patients admitted to an ED with facial fractures from a variety of causes; however, the Davidoff study lacked a control group.
There are some limitations to our study. The controls were limited to patients who fell and hit their head or face and sought care for a bicycle-related injury. Those patients who fell, but were not badly injured, and did not seek medical care were excluded from this study. This could underestimate the association of facial fracture with brain injury.
Our study only examined 1 population, bicyclists who crashed, so we cannot comment on other mechanisms of injury that are reported as causes of facial fractures such as motor vehicle crashes or assaults. 5, 6 While our choice of patient population limits generalizability, it is a homogeneous data set from which to draw associations. 
